The oolites a r e found at a depth of 1 to 3 meters of water, in a zone of about 2700 sq. km, off the Chari delta. The grain size is around O. 250 mm. Montmorillonite nuclei are surrounded by goethite and silica, the iron content attains a maximum value of 49 ' % Fe2O3. Pollen analyses show a lacustrine formation. The present chemical conditions lead to a scheme of iron behaviour in which colloidal o r adsorbed iron from the solid load of the incoming rivers (94000 tons reactive iron in 1970-71) is separated from kaolinite, which becomes unstable in the lake, and forms a coprecipitate with silica.
. Lake Chad and the geographical location of the Chad Basin of the substratum; the river system is dense on granites and migmatites , moderately dense on gneiss, mica-schist and quartzite, and rather open on sandstones.
Waters reaching the lake are fresh (25 OC conductivity: 60 micromhos/cm on the average); the most important solids brought by the river are quartz and clay, mainly kaolinite , with montmorillonite being absent from the analyzed samples (GAC, private communication) . The fine fraction of the lake sediments, on the other hand, is composed of montmorillonite; kaolinite and illite appear only as traces.
The lake sediments (DUPONT, 1970) can be divided into four main types, often related to the emerged landscape ( fig. 2 ):
-Mud, rich in organic matter (13 YO dry weight) is present in the whole band-islands zone.
-Clay appears under several aspects according to its degree of compaction and covers the bottom of the open-waters near the bank islands zone. Clay and mud cover the bottom of the whole archipelago.
Fig. 2. The sediments of Lake Chad
-Sands a r e fine and well sorted and originate from two different stocks. The first one derives from the erg lying north-east of the lake and is almost entirely quartzous. The second one is micaceous and was brought by the rivers. It constitutes the sediments along the shore near the deltas of the Chari and Yob6 rivers. The iron content of the sand is about O. 5 % (Fe2O3), but locally, in the zone of oolites, the grains a r e covered with a film of oxide and the amount of iron can reach 27 Yí.
-The iron-bearing oolites with a size similar to that of the sands a r e found on the bottom of a large zone of open-waters off the Chari delta.
The oolites
First described by GUICHARD (1957) as "pseudo-sable" , the oolites of Lake Chad a r e small, round shaped, polished o r cracked grains of brown color when dry ( fig.  3a, 3b ). When wet, they look like coffee grounds. They form a layer of variable thick-ness, up to 40 cm, including one or two local clay intercalations. They always lay on clay and a r e sometimes covered with mud. The oolites a r e found at a depth of 1 to 3 meters of water in a zone of about 2700 sq.km, westwards off the Chari delta ( fig. 2) fig. 3d ).
X-ray diffraction analysis has shown that the main crystallized minerals a r e montmorillonite and goethite. Kaolinite, quartz and calcite peaks also appear. The presence of calcite can be accounted for by the large quantity of molluscs (Corbicula africana) living on the oolite deposits.
By chemical analysis other features of the oolites were brought out: Concentrated hydrochloric acid released the iron into solution, but did not alter the shape of the oolites. After rinsing, the cortex (which may have split) appeared as a white, porous and siliceous framework revealing the association between iron and silica (table I) . A comparison between the load of solids of the river, lacustrine clays and oolites showed that the titanium to alumina ratio remained fairly constant while the ratios iron to alumina and silica to alumina increased considerably, the former passing from O. 5 to 30, and the latter from 2.5 to 36, in the river and the oolites respectively. Manganese is also concentrated in the oolites, but more irregularly than iron.
Consequently, a very large increase in silica, iron and manganese in regard to alumina is seen in the oolites and, to a lesser extent, also in some samples of granular "clay" taken from the border along the zone of oolites. treated according to the standard method followed by acetolysis (FAEGRI and NER-SEN, 1964) .
When referring to the present vegetation (MALEY, 1970) and to other pollen analyses of recent and subrecent sediments of the Lake (MALEY, unpublished), it appears that the pollen spectra of the oolites are very similar to those of the sediments in the same region of the Lake. They a r e characterized by the prevalence of the local vegetation (Gr3minaceae) surrounding the water and of Lake Chad vegetation (Cyperaceae, Typha, Aeschinomene elaphroxylon) and also by the very low proportion of the allochthonous pollen grains carried from the sudanian zone by the river (table II) .
From these observations some conclusions can be drawn -in favour of the autochthony of the oolites: pollen spectra pointing to a lacustrine -in favour of the recent nature of the deposit: the oolites a r e located only off the i'
A pollen analysis was made l) on two samples of washed oolites. These were formation, absence of such oolites in the Chari alluvial deposits; present Chari delta and almost no other sediment is found on top of the oolite layer.
Present conditions of iron sedimentation
These observations led us to the analysis of some elements of the present transportation and sedimentation of iron in the lower Chari and in Lake Chad, i. e. the nature and quantity of the incoming iron, and chemical evolution of the waters and the particles in the Lake. It has been established by filtration experiments (LEMOALLE, 1969) that the concentration of dissolved iron is very low, i. e. lower than 5Opg/l, in the Chari and in the lake waters as well. The pH and oxidation conditions and the very low quantities of dissolved organic matter do not allow the presence of large concentrations of soluble o r complexed iron. Soluble iron is therefore negligible compared to the iron present as solid sludge particles, and is neglected in the value of total iron. The charge of the sludge particles containing iron has been determined by electrophoresis. It is either negative o r zero.
Dissolved iron being neglected, we have looked for that part of particulate iron which was able to react rather easily. This reactive iron (extracted in boiling 4 % HC1 during 10 minutes, STRICKLAND and PARSONS, 1965) closely corresponds here to f r e e iron as determined by DEB (1950) , that is, particulate o r adsorbed oxides and hydroxides (FRIPIAT and GASTUCHE, 1952) and represents about half of the total iron determined after alkaline fusion o r triacid attack.
Weekly measurements on the 'Chari and Logone Rivers before their confluence allowed to measure that reactive iron amounts to 3.6 % of the solid load.
Maximum reactive iron concentration occurs at the beginning of the flood ( fig. 4 ) and iwiciies very high vahies (30 nig/l) iïï the Logone. During ISïÛ-71, wh n an average amount of water was measured, 94000 metric tons of reactive iron re ched the Lake.
Subjected to evaporation, the Lake water increases in salinity progressively from the delta and reaches values which a r e five and ten times higher in the east and in the The importance of biological factors , mainly photosynthesis in the pH regulation , must not be overlooked, the pH decreasing quickly when photosynthesis ceases (LE-MOALLE, 1969 ).
Reactive iron is more o r less bound to clay particles. It is therefore important to know how the clay particles behave in the Lake. Equilibria between kaolinite and montmorillonite, which. a r e the two main clay mineral species , are presented in two diagrams ( fig. 5 ) corresponding with the following reactions:
kaolinite t Si02 t Na+-montmorillonite Na t H+ kaolinite t Si02 + Ca2+-,montmorillonite
The equilibrium constants a r e , at a temperature of 25 OC (ROBIE and WALDBAUM, 1968; TARDY, 1969) : The Chari water reaching the Lake is represented by a dot inside the kaolinite stability field. From the delta the lake water concentrates by evaporation. The representative point in the diagram shifts and crosses the kaolinite-montmorillonite equilibrium line rather rapidly, even before the concentration is double.
Although not dealing with the kinetics of the reactions, these thermodynamic relations allow us to say that there may be transition in the Lake from kaolinite to montmorillonite. This transformation or instability may be of some importance in the separation of adsorbed oxides and hydroxides from clays.
t

A scheme of iron behaviour
The silica of rivers precipitates by adsorption and reaction with inorganic particles when pH and salinity increase through mixing with seawater in estuaries (BIEN et al., 1958; LISS and SPENCER, 1970) . When flowing in Lake Chad, the pH and electrolyte concentration of the waters increase. Clay particles become unstable and iron, which settles rapidly in such conditions (COONLEY et al., 1971 ) is distributed between several types of sedimentary material.
The oxidized structure of the oolite cortex suggests a coprecipitation of silica and colloidal iron. The affinity of these two substances for each other is high (MORTI-MER, 1941 , 1942 FLEHMIG, 1970) and the molar composition of such a precipitate is a function of the medium pH and of the isoelectric points of its components (PARKS, 1967) . When A and B a r e the isoelectric points of the iron oxides and of silica which react, the molar composition of the precipitate is a function of the pH and will be near A -H the following expression:
Uncertainty on the pH values of the zero point of the charge of silica and iron does not allow an exact calculation of the precipitate composition. For a pH 7.0 to 7.5 the theoretical ratio of silica to iron is close to 1. In the cortex of the oolites, this ratio is 0.86 on an average, with extreme values of 0.72 and 1.15.
Iron and silica reacting together, there must be, elsewhere in the Lake, some sediments in which the alumina content is higher than in the solid load of the Chari; more analyses a r e being performed.
Conclusion
The first results of this work on the oolites of Lake Chad led to the conclusion that the deposit is autochthonous and recent. A study of the present conditions of iron sedimentation in the Lake made it possible to define its behaviour. In the proposed scheme, iron which is in particulate form undergoes an evolution in which it is dissociated from clay particles during the water concentration, and coprecipitates with silica. The oolitic structure might then form on small clay grains and sometimes quartz which is . found on the Lake bottom in shallow, well aerated warm waters (18 to 30 O C ) stirred all the year long by the wind.
With the available data, the oolitic iron, on an area of 2700 sq. km and 5 cm mean thickness, is evaluated to be 30.106 metric tons, expressed in pure iron. This is equal to the load of f r e e reactive iron of the Chari during 320 years, given a constant yearly load of sediment.
A comparative study of numerous deposits of iron-bearing oolites in the post-Eocene formations of Africa has led FAURE (1966) to define the physico-chemical conditions of oolite formation as follows: agitation during concentration, with low depth and BENICEK (1961) who writes, "iron deposition in its oxidized form, oolites growing in dynamic conditions before settling". The mechanism which is given here can also apply to the iron-bearing oolites found by LENEUF (1962) in Ivory Coast and, more generally should be helpful when assessing the chemical conditions of the formation of iron and silica oolite beds. 
